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IN the last two decades the heredity ofleukaemia in mice has been the object
of fairly extensive investigations, which, however, have not fully solved the
problem. Summing up the results, it may be said that there is an incompletely
dominant,inheritance, andthat'environmental factors play a varying part in the
development of the disease within the different strains.
The experiments which form the basis of this paper do not technically differ
much from previous examinations, but our material shows certain details which
deserve special mention.
In order to study the inheritance of leukaemia in mice we have made
crosses between Aka line mice and B line mice, and examined the offspring
ofthe FI, F2, and the backcross generations to both the original strains.
The Aka.line is a branch of Furth's well-knowm Ak line. Through many
generations it has been inbred, and consequently can be considered as approxi-
mately homozygous. Sixty-three per cent of the animals within this stra"M die
from leukaemia., and Fig. 1 illustrates the age distribution of animals dying of
leukaemia in this line. The average age of death ofAka mice with leukaemia is
295±5 days. For the Fl it is 591+19-6 days. Almost all cases ofleukaemia in
theAkaline arelymphogenous or of a very 'immaturetype-theso-calledstem-cell
leukaemia. Myelogenous leukaemia is found, but very seldom.
Thelowleukaemia line which we have used for the cross-breediilg is calledB.
This line is also inbred. Among 113 B mice observedduring this experiment, no
case ofleukaemia or sarcoma was observed. Among hundreds ofB mice we have
previously observed, only one case oflymphogenous leukaemia was found.
In the Fl there was found 43 per cent of deaths due to leukaemia; the age distribution of these mice dying from leukaemia is shown in Fig. 1. The age distribution is somewhat wider than in Aka mice and the peak is displaced about
300 days later, so that in th'is case the average lifetime for mice dying from
leukaemia is 591±19-6 days.
In the F2 we encountered 37 per cent cases ofleukaemia, and the distribution
of age appears to be very wide, as shown by Fig. 2. There were many early
cases, but also a good many late ones. The curve may be regarded as a com-
bination of two distributions, one corresponding to the Aka mice and one corre-
sponding to the Fl.
The backcross derived from the Fl crossed with Aka shows a rise in the
frequency of leukaemia to 49 per cent, and the curve concerning the distribut'ion
of age shows, as is seen fromFig. 3, an increased number ofearly cases compared
with the Fl show-n in Fig. 2. This backcross curve is even more distinctly
bimodal.
The offspring derived frombackcrossing the Fl to the B line ve 28 per cent
cases of leukaemia. As the curve at Fig. 4 shows, the cases are mostly late.GENETIC STUDIES ON LEUKAEMIA IN MICE 109
The form of the curve is, however, somewhat irregular, owing to the rather low
number of mice. If, on the basis of these facts, we are going to discuss the
inheritance of leukaemia in mice, we will at first have to consider the frequency
ofleukaemia within the different generations, as it is summa-rized in Table, 1.
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FIG. l.-The age distribution of mice dying from leukaemia within the Aka line ------ and the
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FIG. 2.-The curve for the Aka mice ( -----) is drawn as well for comparison. The curve for the
F2 shows a tendency to a bimodal form.
You will see that, in spite ofthe genotypicaluniformity of the miceoftheAka
line and the Fl, leukaemia only develops.in respectively 63 per cent and 43 per
cent of the animals. As MacDowell and Richter (1935) have indicated, this
is owing to the fact that environment-al factors as well as genetic ones play110 G. HOGREFFE
a part in incidence of the disease, but it is questionable whether these -factors
influence the development of the disease as such. The percentages mentioned
are as is the case with the figures from previous experiments-calculated by
comparing the number of mice dying from leukaemia with the total number of
10-
51
300
Day,;
C)0( Age[IIII,
900
t =60dav,141
FIG. 3.-Age distribution of leukaemia in backeross of Fl mice to Aka line.
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FiG. 4.-Age distribution of leukaemia in backeross of Fl mice to B line.
dead mice, the animals dying before the first case of leukaemia occurs not being
included.
It is quite evident that this mode of calculation is entirelyinadequate, because
deaths caused by other reasons than leukaemia (such as intercurrent diseases),
willinfluencetheresultto a veryhighdegree. TheactualriskofgettingleukaemisGENETIC STUDIES ON LEUKAEMIA IN MI-CE ill
for the mice within the differentgenerations will therefore be considerably greater
than the percentage incidence shows.
Providing the B line is free'from genes for leukaeniia, the presence of 43 per
cent cases in Fl shows that the inheritance is dominant. The frequency in the
Fl is not so great as in the Aka line, but this can be in part due to the fact that
the cases appear at an average age of 300 days later, so that the deaths from
other causes will decrease the frequency of leukaemia.
The figures found in'this material, as seen from the following considerations,
support the view that the inheritance may depend on one single dominant gene.
If we suppose that this is the case, we can calculate the expected numbers of
leukaemic animals in the F2 and backcrosses to the parent lines on the basis of
the observations in the Aka and the Fl mice. These results are calculated in
Table 1, taking into account the deaths from other causes. These figures agree
very well with the observations, but in the calculated mortality curves the agree-
ment was not so evident. But the statistical evaluation of these curves is so
complicated that it is doubtful whether too much weight can be laid upon the
calculated curves.
TABLE I.-Frequency c!f Leukaemia.
Strain of mice.
Aka. B. Fl. F2. BC. BC.
Fl x Aka. Fl x B.
Number of mice in the
experiment 368 . 113 322 249 153 145
Numberofmice surviving
the first case of leu-
kaemia 322 . 113 167 156 106 78
Number of mice dying
from leukaemia (ob-
served) 203 0 72 58 52 22
.63% =43% =37% =49% -280"/O
Number of mice dying
from leukaemia (cal-
culated) 62-4 59-5 16-4
The backeross generation Fl x B gave 28 per cent or 22 cases of leukaemia.
An inheritance depending on one dominant gene will by calculation give 16-4
cases. The difference is not significant. If we assume the presence of two genes the calculated number will only be 8-2'. These data thus support the hypothesis of a single domi'nant gene.
The variation in the average lifetime of the leukaemic animals has previously been described by MacDowell, Potter and Tayl'or (1945), MacDowell and Richter
(1935), Furth and Barnes (1941), Kirschbaum (1944), and Cole and Furth (1941) in similar crossbreeding experiments. The phenomenon seems therefore to be
independent of the character of the lines used, which fact seems to refute the
previous supposition that casual changes in the average lifetime of all the mice
may influence the result.
I would sooner say that the discovery confirms the supposition that the imma-
ture leukaemic cells arise by a somatic mutation in cells which possess a labile112 G. HOGREFFE
gene (or a complex of genes). Where and how this mutation arises could be a
matter of chance. Ifthe animals are homozygous withregard to the labile gene,
the mutation willnaturally arise earlierand more frequently than 'is the case if
the animals are only heterozygous. The latter case seems to show that it is
not the preclisposition itself for the disease which is inherited, but the tendency
for a somatic mutat'ionleading to the development of the disease.
MacDowell and Richter (1935) were of the opinion that their material showed
the presence of a matemal factor, because the offspring of a -cross between
females from the leukaemic strain and males from the resistant strain, both
i
the FI and F2 as well asinthe backcrosses to the original strains, showed more
frequent cases ofleukaemia than in the reciprocal crosses. Other investigators
have not been able to obtain a decisive difference in reciprocal crosses. In my
material there is a similar difference in the Fl, the offspring of the cross B-male
x Aka-femalegiving a leukaemia frequency of 46 per cent, while the reciprocal'
cross gives only 34 per cent. However, it appears that in the F2 the result
is contrary. Consequently it is most probably not matemal factors with direct
inftuence on the development ofleukaemiawhichhave determinedthis variation,
but a variation in the number of deaths from intercurrent diseases that has
influen'ced the frequency. In other words, here again it is the estimation of
the risk of disease which isinadequate. It is difficult to say whether the same
is the case with MacDowell and Richter's (1935) material.
Finally I should like to mention that in the hybrids there was a considerably
greater morphological variation between the cases of leukaemia than in the
original inbred Aka line. In the Fl and F2 myelogenous leukaemia is more
frequent.
In the Aka line the disease veryfrequently,,mainifests itselfonly as a colossal
thymus tumour. Table 11 shows thefrequency of simple thymus tumour in the
TABLE II.-Frequency ofSimple Thymus Tumour.
Strain ofmice.
Aka. B. Fl. F2. Fl x Aka. Fl x B.
Numberof casesexamined 200 0 56 48 44 . 14
Enlargement ofthymus, % 28 0 7-1 10-4 25 . 0
leukaemias of the lines and crosses studied. It indicates that the simple thymic
tumour is especially prevalent in types of mice which also show most cases of
early leukaemia.
Transplanted leukaemia.
Aswell as theseexperiments onspontaneousleukaemia, we have also examined
the inheritance of susceptibility to transplanted leukaemia in the same hybrids
from the crosses ofAka and B.
In this case ourtechniquediverged to some degree from the usualtechnique,
as we did not use a particular line ofleucotic cells. On the contrary we have 'M'
all the exper'iments used new cases of lymphogenous leukaemia from Aka mice
fortransplants.
We chose this method in order to maintain the relat'lon between thetransplant
and the host as specific aspossible, itbeing a well-known fact that passage causesGENETIC STUDIES ON -LEUKAEMIA IN MICE 113
the leucotic cells toundergo changes which are reflected inchanges in the survival
ofthetransplantedanimals, the size ofthe cells, and thesusceptibility ofthe mice
used in the experiments (macDowell, 1945). These changes always go in the
direction ofless specificity.
Bythisexperimentalarrangement we werepreventedfromdetecting theresult
ofthesegregationintheF2 andthe BC (Fl x B), because the differenttransplants
may have been genetically different ; but on the other hand, we have been able
to study the mode ofgrowth of the transplant in the different genetic environ-
ments under the most specific 'conditions.
In every experiment we have as far as possible transplanted simultaneously
litters of-mice from the Aka line,, B line and the Fl, F2 and backcrosses to the
parent strains with leucotic tissue minced, suspended in Ringer"s solution, and
injected intraperitoneally. Table III shows- the result of these experiments.
TABLE III.-Type ofLeukaemia Encountered in Transplants.
Strain of mibe.
Aka. B. Fl. F2. BC Aka. BC B.
Number of mice 300 101 46 232 130' 100
Positive, % 100 0 100 55 100 10
Generalized growth
. 100 0 100 57 100 10
Intermediate forms . 0 0 0 20-3 0 30
Tumour-like growth 0 0 0 22- 7 0 60
In the Aka strain 100 per cent takes are found, which all give the pathological
pictur-e of a generalized leukaemia. The same is found in all the Fl and the
backcross from the Fl to the Aka. In the F2 only 55 per cent give leukaemia,
and O'ut ofthese 55 per cent, 57.per cent are identical with the cases in the Aka
strain, while 22-7 per cent showonly a localizedgrowth at theplace oftransplan-
tation. In 20-3 per cent an intermediate state between these extremes is found.
In the backcrossing tdthe, B (Fl x B) only 10 per cent takes are found, out of
which 60 per cent arelocalized, while 30 per cent are intermediate, that is to say,
a tumour-like growth occurs at the place of transplantation accompanied by
generalized changes. Only 10 per cent are generalized.
The question is now, what is the cause of thi4 variation Does it reveal
some rules concerningthe growth and diffusion of the tumour cells, or is it only
a phenomenon dependent on a greater or smaller resista'nce in the hosts At
least we may draw the conclusion that the problem of the inheritance of suscep- tibility to transplanted- leukaemia in this particular cross is more complicated
than the case ha-s been with otherneoplasms.
We have tried to find out whether there are cytological differences between
the cells in the localized and in the generalized cases. In some cases we found
larger cells in the tumours. However, these examinations are not yet complete, and I wouldprefer not togive'aAefinite statemeni as yet.
SUMALkRY
A brief account is given of studies on the frequency and age distribution of
mice that died from leukaem'ia 'm the different generations O'f a cross between
the Ak-a line of mice with 63 per cent leukaemia and the resistant B strain.114 M. DEMEREC
The curxves and figures support the view that the inheritance of the disease in
this cross is dependent on one single, dominant gene.
Transplantation experiments show that the resulting disease has features
that are in part dependent upon hereditary factors.
The studies here presented were carried out with the aid of grants from
Anders Hasselbalchs Leukaemifond and from the Lady Tata Memorial Trust.
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USING Drosophila as experimental material, a large-scafe survey of mutagenic
potency in carcinogens and chemically related non-carcinogenic compounds was
begun in June, 1947, just a little over a year ago. Although Drosophila is a fast
breeder, so that more than thirty generations can be raised during a twelve-
month period, one year is still too short a time to accomplish much in a new field
of research. This is particularly true when in the course of the work unexpected
complications arise, requiring effort along lines that branch away from the main
problem, as happened in our case. We spent more than eight months working
on one such incidental problem, which had to be solved before we could proceed
with the main work. This effort was well rewarded, however. We not only
improved our experimental approach, but also acquired information that will
further our understanding of the intricate role played by biological factors in
regulating the influence of external agencies on living cells.
In view of all this, I should like to point out that our investigations of the
genetic potencies of carcinogens are still in an early stage. The main outlines
of the structure on which conclusions may be based are already evident; but
details are still missing, and it will be some time before they are filled in.
My principal interest is the study of spontaneous and induced mutability,
and on several occasions during the past fifteen years I have made attempts to